Over the past twenty years [1] [2] [3] [4] , much effort has been devoted on the development of microcantilever-based devices/sensors. Nowadays[1-4], these sensors not only exhibit an extreme sensitivity, fast response, parallelization into arrays, and low cost but also allows label-free analysis of a manifold of complex biochemical reactions such as DNA hybridization, antibody-antigen binding and protein-ligand binding. Despite the huge technological importance of these biosensors, little is known about the physical processes that governs both their assembly and their operation [1] [2] [3] [4] . In order to have a better control, and/or speed up the development and improvement of such devices, it is of paramount importance to have a proper theoretical description of the physical processes involved. This knowledge would then allow the transition of the fabrication of these devices from a trial-error to knowledge-based approach.
Proteins interaction with surfaces has great technological relevance [2, 4] for the development of not only biosensors but also biocatalysts, implants. Recent advances on both molecular-dynamics (MD) simulations [6] and atomic-force-microscopy (AFM), allow studying such large systems with atomistic detail. Here [1] we combined MD simulations with high-resolution multi-frequency-AFM experiments to study the adsorption of the IgG antibody (150kDa) over graphene. IgG provides the majority of antibodybased immune response. Therefore studying its biocompatibility/activity over graphene is of interest to address the graphene usage as an implant material as well as to develop more sensitive immunoassays.
The most important results of this [1] study are summarized on Fig. 1 and Fig. 2 . In a first stage we have performed extremely large molecular dynamics simulations (150ns) to observe the adsorption process of an antibody over a graphene wafer of 20x20nm2. These simulations were performed for the possible six different orientations of adsorption (on Fig. 1 are only represented the non-redundant ones) and including explicitly all the water molecules (million atoms). As observed in Fig. 1 , the IgG do not denaturalizes when adsorbed over graphene, which is in contradiction with previous findings on smaller molecules. Furthermore, the agreement obtain between theory and experiment is striking, since even a more weakly attached orientation (on the bottom row of Fig. 1 ) is also observed in the AFM experiments. Once the IgG is fully adsorbed, we compute the total adsorption energy (represented in Fig. 2 ) for all the orientations via the Jarzynski [5] equality. Once computed these energies we have used them to evaluate the probability of adsorption along each orientation. The theoretical and experimental results show [1] that the protein adsorption process over graphene is stochastic, which do not happen in other surfaces such as mica.
In summary, we have [1] developed a protocol combining steered-MD simulations and long (>150ns) equilibration runs to address several key open questions concerning protein adsorption: the interaction mechanisms behind the adsorption, the role of the water molecules in such process, and under which conditions the protein unfolds due to the interaction with the substrate. Moreover we determine the most favorable adsorption orientation of the IgG, which in turn allows us to set up a strategy to control the IgG adsorption over graphene. It is worthwhile mentioning that the preferred adsorption orientation is bioactive for small even concentrations of antibody adsorption, which is a great improvement over the commonly used surfaces such as mica that favors non-bioactive orientations. Both the bioactivity and adsorption orientation statistics are in good agreement with experiments.
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